We have identified a transcriptional activating element within the 5' flanking sequence of the Agrobacterium tumefaciens octopine synthase (ocs) gene that is necessary for ocs expression in transformed tobacco calli. This element is located between 333 and 116 base pairs upstream from the transcription initiation site and functions independent of orientation when placed upstream of the ocs gene. It does not function in either orientation when placed downstream of the gene, nor can it activate its promoter when separated by a distance of 608 base pairs. Deletion analysis indicates that sequences essential for activator function are localized between 222 and 177 base pairs upstream of the transcription initiation site. Another region, located between 333 and 249 base pairs upstream of the transcription initiation site, does not as a monomer activate the ocs promoter, but it can as a dimer.
Transcriptional control regions of eukaryotic genes consist of three major classes of sequences: (i) proximal control signals, (ii) distal control signals, and (iii) activating sequences (1-3). Proximal control signals, such as the "TATA" box, are located -30 base pairs (bp) upstream of the transcription initiation site. Distal control signals, such as the "CAATT" box, are located 50-90 bp upstream of the transcription start. Activating sequences, such as transcriptional enhancers and the upstream activating sequences of yeast (4, 5) , are usually located >100 bp upstream of the transcription start site. These sequences function in both orientations upstream of homologous and heterologous promoters to enhance transcription. Many activators can also confer tissue specificity or inducibility on promoters (1-3). Although many activator sequences have the ability to function over long distances, only enhancers stimulate transcription when placed downstream of genes.
Transcriptional activators are composed of short conserved sequence motifs that serve as transcription factor binding sites (1) (2) (3) 6) . Two common motifs are the simian virus 40 (SV40) enhancer core GTGGAWW (where W is either A or T) and alternating stretches of purines and pyrimidines (with the potential to form Z-DNA).
Workers in our laboratory have been interested in the transcriptional regulation of genes transferred from Agrobacterium tumefaciens into plant cells, where they are expressed (7) . One of these is the octopine synthase (ocs) gene that is constitutively expressed in a wide variety of plant tissues (8) . This gene has a TATA box situated 32 bp upstream of the transcription initiation site ( Fig. 1) (9, 10) . In addition, sequences located between 170 and 294 bp upstream from the transcription start are also required for octopine synthase activity in tobacco crown gall tumors (11). This region contains two sequence motifs that are homologous to the SV40 enhancer (6), including an SV40 enhancer core sequence (GTGGAAA) and a 10-bp stretch of alternating purines and pyrimidines capable of forming Z-DNA (Fig.   1 ). The presence of these motifs in an upstream region required for transcription of the ocs gene suggested to us that the nucleotides between -170 and -294 may contain a transcriptional enhancer-like element. In this report, we show that the ocs element activates its own promoter in a manner similar to other activator sequences. We also show that the ocs activator has a complex structure. 13774-9062 (10) ] from the Ti plasmid pTiA6. This 2.57-kbp fragment was cloned into the BamHI and Sma I sites of the binary plasmid pBinl9 (16) to yield the plasmid pOCSA2 (Fig. 2B ). This plasmid contains 116 bp upstream from the transcription start, the entire ocs structural gene, and -1200 bp downstream from the polyadenylylation site.
MATERIALS AND METHODS
The activator was isolated as a 217-bp Acc I/BamHI subfragment [base pairs 13991-13774 (10) ] of BamHI fragment 2 (10). This fragment contains the sequence from -333 to -116 bp relative to the ocs mRNA initiation site (9). The Acc I site was converted to a BamHI site by linker attachment (13) and the fragment was cloned, in both orientations, into the unique BamHI site upstream of the ocs gene in pOCSA2. Alternatively, the ends were filled in with Klenow fragment and the resulting fragment was cloned into the unique Sma I site downstream of the ocs gene (Figs. 2 and  3 ). Cloning the activator sequence upstream of the ocs gene in the correct orientation (pEN1) reconstitutes the ocs 5' flanking sequence to -333 (Fig. 3) . pENRl contains the Abbreviations: SV40, simian virus 40; CAT, chloramphenicol acetyltransferase. *To whom reprint requests should be addressed.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. activator in the inverted orientation at the 5' end, pEN2 contains the activator in the native orientation but downstream of the ocs gene, pENR2 contains the activator in the inverted orientation downstream of the ocs gene, and pENR22 contains a tandem duplication of the activator in the inverted orientation downstream of the ocs gene (Fig. 3) The 2.57-kbp BamHI/Sma I fragment harboring the ocs gene was cleaved in the TATA box of the ocs promoter and 160 bp downstream from the polyadenylylation site by Dra I (Fig. 2) . This 1.5-kbp Dra I fragment [base pairs 13685-12221 (10)] was cloned into the unique Sma I site of pBinl9 (16) to yield the plasmid pOCSA1 ( Fig. 2A) . HindIl linkers were attached to the 217-bp activator and the resulting fragment was cloned into the HindIII site of pOCSA1, in the correct orientation, to yield the plasmid pENA1 (Fig. 3) . pENA1 contains the entire activator and coding sequences of the ocs gene but has a truncated promoter (Fig. 3) .
A 608-bp HindIII/Bgl II fragment [base pairs 6631-6023 (10)] from EcoRI fragment 7 [EcoRI fragment B; base pairs 5545-12823 (10)] was cloned into the unique HindIlI and BamHI sites of pOCSA2 to give the plasmid pSPOC4. This fragment is derived from the protein-coding region of the tmsl gene (10, 17). HindIII linkers were attached to the 217-bp activator fragment, which was subsequently cloned into the HindIII site of pSPOC4 in the correct orientation to yield the plasmid pSPEN0.6 (Fig. 3) . In this plasmid, 608 bp separate the activator from the ocs promoter. The activator with HindIII ends also was cloned into the HindIII site of pOCSA2 giving rise to plasmids in which the activator is in the correct (pEN4) or inverted (pENR4) orientation. In these constructions, the activator and the promoter are separated by 30 bp.
Construction of Plasmids Harboring Deletions of the Octopine Synthase Activator. The 217-bp activator fragment was cleaved with various restriction endonucleases, BamHI linkers were added, and the resulting fragments were cloned individually into the BamHI site of pOCSA2, yielding the deletions shown in Fig. 4 . The two Sau3A fragments (Saul33 and Sau84) were cloned without linker attachment since they had BamHI-compatible cohesive ends.
Conjugation of the Constructs into A. tumefaciens. Plasmids were conjugated into A. tumefaciens strain LBA4404 by a Proc. Nati. Acad. Sci. USA 85 (1988) Proc. Natl. Acad. Sci. USA 85 (1988) triparental mating (16) involving the E. coli strain harboring the recombinant plasmid, E. coli strain MM294/pRK2013 (18), and A. tumefaciens strain LBA4404. The Agrobacterium transconjugants were selected on AB minimal plates containing 0.5% glucose, rifampicin (10 iug/ml), and kanamycin (100,ug/ml).
Transformation of Plants and Octopine Assays. Tobacco leaf disks were infected with the Agrobacterium strains harboring recombinant plasmids by the method of Horsch et al. (19) . Kanamycin-resistant calli were assayed for octopine synthase activity by the method of Otten and Schilperoort (20) . Twenty different calli were assayed for each construction. Extracts contained 20-30 pAg of protein as determined by the method of Bradford (21). Constructs were denoted as octopine synthase-positive when >40%o of the calli analyzed exhibited detectable octopine synthase activity. Constructions denoted as octopine synthase-negative never induced calli that exhibited detectable octopine synthase activity. S1 nuclease analysis of pEN1, pENR1, and Sau84 dimer octopine synthase mRNA initiation sites was performed as described by Gelvin et al. (22) with strand-specific probes made from an M13 template (23).
RESULTS
The Upstream Region of the ocs Gene Contains a Transcriptional Activator Sequence. To test whether the sequence between -294 and -170 functions as an enhancer of the ocs promoter, the constructions shown in Fig. 3 were made using the binary plasmid pOCSA2 (Fig. 2) . After mobilization of these plasmids into A. tumefaciens strain LBA4404, tobacco leaf disks were infected and kanamycin-resistant calli were selected (19). These calli were assayed for octopine synthase activity (20).
Calli containing the construct pOCSA2, that lacks the ocs upstream element, had no detectable octopine synthase activity (Fig. 3) . When the upstream element was cloned upstream of the ocs gene in the correct orientation (pEN1), reconstructing the octopine synthase upstream region, octopine synthase activity was restored. Cloning the sequence upstream of the ocs gene in the opposite orientation (pENR1) also resulted in octopine synthase activity. S1 nuclease protection experiments indicated that the transcripts from pEN1 and pENR1 start from the correct transcription initiation site (data not shown). Together these results show that the ocs upstream sequences activate the ocs promoter independent of orientation.
When the activator sequence was cloned downstream of the ocs gene in either the correct (pEN2) or reverse (pENR2) orientation and introduced into tobacco calli, octopine synthase activity was not detected (Fig. 3) . Similarly, when two copies of this element were cloned downstream of the ocs gene (pENR22), or when the activator was moved 1 kbp closer to the 3' end of the ocs gene (data not shown), that an insertion of a 2500-bp fragment into the BamHI site ' s (which lies between the ocs activator and promoter) resulted in the loss of octopine synthase activity. These data indicate that the ocs activator is sensitive to its distance from the ocs promoter, although it is possible that the spacer contains sequences that inhibit transcription. Structure of the Octopine Synthase Upstream Activator Sequence. To determine which sequences are necessary for activator function, various restriction endonuclease fragments of the ocs activator were cloned into pOCSA2 (Fig. 4) . When the Saul33 fragment (-249 to -116 from the ocs transcription initiation site) was cloned upstream of the ocs gene, octopine synthase activity was observed. This fragment does not contain the SV40 enhancer core sequence.
Octopine synthase activity was also observed when the BamHI OCS Activity AIulO6 fragment (-222 to - ine (OCT) and arginine nuclease protection experiments indicated that the tran-.e the time of incubation scripts from this construct start from the correct initiation hown below. Fragments site (data not shown). However, a monomer of the Sau84 of pOCSw.2 are shown. fragment failed to stimulate octopine synthase activity.
Numbers below the restriction sites indicate their position relative to the transcription initiation site. The Acc I site was converted to a BamHI site as described. The location and orientation of the ocs gene are indicated. The locations of the SV40 enhancer core and the putative Z-DNA sequences are indicated. Twenty calli were analyzed for each construction. The octopine present within the spots shown is approximately 6500 and 8000 pmol for Saul33 incubated for 0 and 2 hr, respectively, 3700 and 6800 pmol for Alu106 incubated for 0 and 2 hr, respectively, 6400 and 7900 pmol for the Sau84 dimer incubated for 0 and 2 hr, respectively, and 0 for Rsa6l and the Sau84 monomer.
octopine synthase activity was not detected. Therefore, the ocs upstream element does not greatly stimulate octopine synthase activity downstream of the ocs gene. Alternatively, the lack of stimulation of ocs gene activity could also be explained by a distance effect (see below). In our assay system, the limit of detection of octopine is -30 pmol (however, it is difficult to photograph spots of <300 pmol). By comparing the spot intensity from calli harboring constructions designated as octopine synthase positive with known standards, 2500-8100 pmol of octopine was synthesized during a 2-hr incubation.
The ocs activator may function in both orientations upstream of the ocs gene because it is a bidirectional promoter. To test this hypothesis, a plasmid was constructed (pENAl) containing the activator but lacking the ocs promoter (those sequences between -116 and -28, including the TATA element). Octopine synthase activity was not detected in calli harboring this construct (Fig. 3) . Activator function is therefore dependent on promoter-proximal functions.
To test whether the ocs activator can function over a long distance from the ocs promoter, the plasmids shown in Fig.   3 were constructed. When the activator was moved from its
DISCUSSION
The upstream region of the octopine synthase gene contains a transcriptional activator element that activates the ocs promoter independent of orientation. However, the ocs element does not stimulate the ocs promoter when placed downstream of the ocs gene. If this is not simply due to a distance effect, then the ocs activator is unlike classical animal viral and cellular enhancers and functions more like the upstream activating sequences of yeast (4, 5) . Ellis et al. (12, 24) showed that sequences upstream of the ocs gene can activate a heterologous promoter. The chloramphenicol acetyltransferase (CAT) gene under control of the maize alcohol dehydrogenase (ADHI) promoter is poorly expressed in tobacco. When the ocs activator was cloned, in either orientation or at either end of the CAT gene, CAT activity was expressed at high levels in tobacco. The ocs activator therefore could stimulate the ADHJ promoter. The discrepancy between the data of Ellis et al. (12) and our data concerning the effectiveness of the ocs activator downstream of a gene may be explained in at least three ways. First, our octopine synthase assay is less sensitive than the CAT assay used by Ellis et al. (12, 24 (Figure 2) .
One nonirradiated and two irradiated dogs were studied immediately before and after opening the chest. The values obtained with the chest open compared favorably with those with the chest closed (Figure 2 ).
Diffusing capacity
Diffusing capacity did not change consistently in three animals studied two weeks and four weeks following irradiation with a single dose. It decreased progressively in those animals studied more than two months following onset of fractional irradiation (Table I, Figure 3) . Control values from seven animals averaged 4.3 ml. per minute per mm. Hg. By 82 days following the onset of irradiation, diffusing capacity was below the control value in five, above it in one and the same in one. The average value was 3.2 ml. 
